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ARTICLE INFO ABSTRACT 
Article history: As the world’s energy resources are rapidly being depleted, decreasing the use of raw materials and 
Received 8 September 2010 recovery and recycling of metals are currently considered as the most rational and essential methods. 


Accepted 12 November 2010 In Turkey, transportation needs increasing in parallel to urbanization cause an increase in number of 


vehicles. Greenhouse gas emissions resulting from transportation make up approximately 16% of Turkey’s 
Keywort ds: overall greenhouse gas emissions. Turkey signed in the Kyoto protocol on 26 February 2009, and therefore 
C02 emissions accepted commitments such as developing and implementing policies to prevent climate change and 
at aa miauka taking measures to increase energy efficiency and energy saving. In this context, such a regulation of 

banning from traffic those vehicles having old technology and high CO2 emissions would enable not only 
recovery of CO2 but also compliance to ecological principles of recycling of metals such as aluminum 
and iron and steel found in the end-of-life vehicles (ELVs). Also, the energy sector will make benefit by 
the recovery and recycling of raw materials. An end-of-life vehicle is composed approximately of 68% 
iron/steel, 22% aluminum and 8% other metals. In Turkey, number of vehicles of old technology (Pre- 
Euro) is around 3 millions. In case of banning these vehicles from traffic and recovering all the metals, 
a significant amount of raw material and energy benefit can be achieved. With such benefits, both of 
the targets in the recently signed protocol, reduction of emissions and energy recovery can be achieved 
concurrently and in a short time. 


© 2011 Elsevier Ltd. All rights reserved. 
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1. Introduction into effect for reducing the industrial pollution and the emission 


of greenhouse gases, as well as for using less energy for heating 
and transportation. Especially in metropolitan cities, vehicles have 
a significant effect on air pollution. Thus one of the easy solutions in 
order to control air pollution is reducing the CO, emission caused 
by transportation vehicles. Already, throughout the world all sec- 
tors except for the transportation sector tend towards decreasing 
the CO; emissions in their products and their activities. Therefore, 
every precautionary measure, which will be taken in the trans- 
portation sector, is of great value. The aim should be attaining 
an environmental approach to production without decreasing the 
economical growth [2,3]. 
* Corresponding author. Tel.: +90 212 4737070x17651; fax: +90 212 4737180. Turkey has signed the United Nations Framework Convention 
E-mail address: sivrin@gmail.com (N. Sivri). on Climate Change in May 2004. The Turkish Parliamentary General 


Energy is essential to economic and social development and 
improved quality of life in Turkey as in other countries. The need 
to control atmospheric emissions of greenhouse and other gases 
and substances will increasingly need to be based on efficiency in 
energy production, transmission, distribution and consumption in 
the country [1]. Turkey has signed the Kyoto protocol in February 
2009 and committed to fulfill the requirements of the new regu- 
lations starting after 2012. Some of these regulations are carried 
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Table 1 
Materials used in scrap vehicle. 


Materials used in scrap Amount in a car? (kg) 


Iron-steel 710 
Rubber 90 
Plastic 60 
Glass 30 
Aluminum 22 
Lead 10 
Zinc, copper, nickel 11 
Other metals 11 
Others 56 
Source: Ref. [7]. 


a A car's average weight was taken as 1050 kg. 


Assembly approved the draft law regarding the participation in the 
Kyoto protocol for controlling the green gas emission on February 
26th, 2009 and the agreement was sent to the United Nations Gen- 
eral Secretary. Turkey has initiated the relevant energy efficiency, 
air pollution and emission control issues even though the responsi- 
bility, which was undertaken by the negotiation was a requirement 
to decrease the greenhouse gases after the year 2012. According to 
the Ministry of Energy and Natural Resources modeling studies, in 
2020 the greenhouse emission was calculated to be 687 million 
tonnes and by minimizing the energy consumption, this value can 
be reduced about 11% [4,5]. 

Similar to what the Kyoto protocol targets in terms of achieve- 
ment in the transportation sector, the primary objective of the EU 
countries is the 95% recovery of car parts and materials (Table 1). 
For this purpose 2000/53/EC and 2002/95/EC (ELV Directives) like 
directives came into effect. In accordance with these actions, tech- 
nologies that are required for economically adapting the use of 
metal and plastic materials in vehicles are targeted. The need for 
raw materials and the accompanying environmental problems will 
be minimized by recycling of scrap vehicles [6]. Iron-steel, plastic, 
aluminum (Al), glass and similar materials can be found in a car 
and recycling these materials will prevent the depletion of natural 
resources and will be a great contribution to the countries econ- 
omy [7]. The basic principle of recycling scrap vehicles is using these 
vehicles as spare parts and if this is not possible then recycling these 
vehicles themselves should be aimed. Another issue is the preven- 
tion of environmental pollution in terms of solid waste. Especially 
for countries that do not have enough space for solid waste disposal 
on a regular basis, the reduction of the volume and the amount of 
solid waste is a huge benefit. 

On the other hand, Turkey, with its young population and grow- 
ing energy demand per person, its fast growing urbanization, and 
its economic development, has been one of the fast growing power 
markets of the world for last two decades. It is expected that 
demand for electric energy in Turkey will be 2.09 billion GJ by the 
year 2020 [8]. 

Iron-steel industry is the largest industrial energy consumer 
with approximately 19% of the total share. In this sector, energy 
consumption has the biggest cost with 27-33% share of energy [9]. 
Two main process routes for steel making can be distinguished, the 
classic blast furnace/basic oxygen furnaces route and direct melt- 
ing of the scrap (that is electric arc furnace). In European Union, 


Table 2 


about two-third (~61%) of crude steel is produced via the blast 
furnace route (primary steel), and about one-third (~39%) is pro- 
duced in electric arc furnaces (secondary steel) by melting the 
scrap. In the primary iron-steel production, pig iron is produced 
and converted to steel in integrated facilities by processing the 
iron ore in blast furnaces. The direct smelting of iron-containing 
scrap is usually performed in electric arc furnaces. The integrated 
steelwork process needs energy of about 19.8 GJ and a CO2 emis- 
sion of about 2.1 tonnes occurs, however the direct melting of 
steel using electric arc furnace needs energy of about 2.5 GJ and 
a CO, emission of about 41 tonnes occurs per tonne of steel 
[10]. 

Also the situation is not different for aluminum. Especially, in 
primary production (from the ore) the consumption of energy and 
the CO2 emissions cannot be underestimated. To produce only 1 
tonne of aluminum, the consumption of energy is about 93.3 GJ 
and the emission of COz is about 10 tonnes. The energy gain in 
the secondary smelting of Al is equal to 97% of producing Al from 
raw materials and this prevents the industry to use the natural 
resources of the country [11,12]. In this study, the energy consump- 
tion and the emissions of CO, were calculated for the recycling of a 
scrap car in the national car park. The values were compared with 
the primary production and the net earning of the energy and the 
COz emission were determined. 


2. Materials and methods 


Today 2,721,250 cars are completely worn-out in Turkey. This 
value may reach 3,000,000 if we add the other type of vehicles like 
the trucks, the motorcycles and similar vehicles [13]. We regarded 
that the cars manufactured before 1990 to have approximately 
50 kg of Al and also about 62 kg of Al to be present on average ina 
1990-1995 model car. 100% of Al was assumed to be recycled ina 
1050 kg car. In addition, it was considered that on average 700 kg 
of iron and steel can be found in cars which were manufactured 
before 1990 and as high as 95% of this scrap can be recycled. The 
ratios of used iron-steel and aluminum have been noted in the cal- 
culations with respect to the model of the vehicle. The energy use 
and the CO, emission values which are used in the calculations are 
comparatively given Table 2 for the production of aluminum and 
iron-steel form scrap and ore. 


3. Results and discussion 


Greenhouse gas emissions in Turkey can be calculated for differ- 
ent sectors. Specifically, the energy sector, the waste sector and the 
agricultural sector are at the first three in terms of higher emissions. 
With 78% share, the energy sector has the most greenhouse gas 
emissions among these sectors [13]. Turkey has signed the Kyoto 
protocol and hence the necessary precautions that need to be taken 
to reduce the green gas emissions will be taken by every sector. The 
first step that needs to be taken in the transport sector should be 
that new cars which have low emission values should be used rather 
than the old cars. In this context, when compared with 1990 and 
older model gasoline run cars, in the 2009 model cars, the emis- 
sion of CO2 is reduced by 25%. Reductions in the emissions of other 


Comparative values of energy use and CO2 emissions of recycling scrap metal and production from ore in both aluminum and iron-steel sectors. 


Aluminum industry 


Iron-steel industry 


Scrap Ore Scrap Ore 
Energy consumption (GJ/tonnes metal) TA 0.5 25 0.41 
CO, emission (tonnes/tonnes metal) 93.3 10 19.8 21 


Source: Ref. [10]. 
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Fig. 1. Energy consumption for the ore and the scrap metal recycling for 30% of the scrap vehicles in the national car park. 


gases (like CH4, N20) are over 90%. It is obvious that recycling of 
high emission old cars will be a successful choice of solution. 

Recycling of the steel and the aluminum in vehicles is a solu- 
tion commonly used in the EU countries. The energy consumed 
during primary production from the raw material is very high. In 
production from scrap (secondary production), the energy gains 
are between 80 and 97% for different sectors. Naturally the CO2 
emissions during production should be taken into consideration as 
a parameter. In this study, both of these parameters for obtaining 
metal from scrap vehicle were taken into account and the findings 
are interpreted. 

In Turkey 272,125 million units of automobiles are over the age 
of 16. Approximately 155,000 tonnes of aluminum and about 1.8 
million tonnes of iron-steel scrap can be obtained from them. It is 
accepted that 95% of the iron-steel and also 100% of the aluminum 
can be scrapped from a scrap vehicle. These figures are compared 
with the existing integrated iron-steel and aluminum production 
values of 2008 in Turkey. These values are equal to 24.32% of the raw 
steel production and 2.5 times of the primary aluminum production 
(Erdemir Co. and other integrated production values of iron-steel 
is 7.03 million tonnes; Seydisehir Aluminum Co. production values 
for aluminum is 60,000 tonnes) [14,15]. 
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The energy consumption for iron-steel and aluminum pro- 
duction from the ore is shown in Fig. 1. Likewise, the energy 
consumption of recycling 30% of the scrap cars in the national car 
park is given. The difference between the ore and the scrap is 12 
times in aluminum and 8 times in iron-steel production as it can 
be seen in Fig. 1. In this case, 92.4% and 87.4% of energy recovery 
can be achieved for aluminum and iron-steel, respectively. 

Similar investigation as for the energy consumption is made for 
the CO2 emissions. 30% recovery of the scrap vehicles can reduce 
CO» emission by 443.912 tonnes (Fig. 2). The reduction of emission 
in the iron-steel industry may reach as high as 1.216.529 tonnes. 
The reduction means 95% and 80.5% less CO, release into the air for 
Al and iron-steel, respectively. This benefit is especially important 
for countries such as Turkey which tries to reduce CO emissions 
in transportation and industry sectors. 

Either way, remarkable energy gain and decrease in CO2 emis- 
sions will be achieved by only recycling 30% of the scrap vehicles. 
In the calculations for the scrap vehicles, different amount of alu- 
minum and iron-steel used from different vehicle models were 
taken into consideration The car models that were produced before 
1990 have approximately 50 kg of aluminum and even if 50-100% 
of these could be recycled and the CO, emissions will go lower and 
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Fig. 2. CO2 emissions for the ore and the scrap metal recycling for 30% of the scrap vehicles in the national car park. 
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Table 3 


Energy consumption and CO3 emissions for recycling of the end-life vehicles instead of using the ore in the aluminum and the iron-steel industries. 


Aluminum industry 


Iron-steel industry 


Energy consumption (GJ) 


CO, emission (tonnes) 


Energy consumption (GJ) CO2 emission (tonnes) 


Scrap recycling 
30% 


Ore 4,359,686 467,276 

Scrap 331,766 23,364 

Earnings 4,027,920 443,912 
50% 

Ore 7,266,144 778,794 

Scrap 552,943 38,940 

Earnings 6,713,200 739,854 
100% 

Ore 14,532,288 1,557,587 

Scrap 1,105,887 77,879 

Earnings 13,426,401 1,479,708 


1,0749,210 1,140,068 
1,357,223 222,585 
9,391,986 917,483 

1,7915,349 1,900,113 
2,262,039 370,974 

15,653,310 1,529,138 

35,830,699 3,800,226 
4,524,078 741,949 

31,306,621 3,058,277 


the energy gain will be higher. In this way, approximately 100 kg 
of iron, steel and copper materials can be preserved because about 
50 kg of Al is present in older cars. In newly produced vehicles, this 
aluminum amount may reach up to 150kg. Depending on these 
foresights the purposed net earnings are given in Table 3. 


4. Conclusions 


Aside for the production stage and the use of vehicles, the 
material and the waste economy system must be established and 
compatible with most countries as accepted by the world. The 
main principle of the future production and consumption pat- 
terns is not to create any waste or use recycled wastes into the 
economy as much as possible. Great addition to the domestic econ- 
omy can be achieved by recycling scrap vehicles as stated in the 
new laws and reusing scrap vehicles environmentally. Since 85% 
of the scrap car can be recycled [16]. In this study, it is potentially 
revealed that the end of life vehicles may create anew employment 
area. 

The total energy consumption in the iron-steel sectors is 19% of 
the total energy consumption. By recycling the scrap vehicles, great 
energy savings can be made. These energy saving efforts have huge 
importance for Turkey which has an energy crisis today. In order 
to increase the production and decrease the costs of production, 
it is imperative to use energy rationally. Besides, all these energy 
savings have an important impact in the environmental activities 
that reduce emissions given out by the industrial plants and in the 
rational use of the solid and the liquid waste, as well [9]. Find- 
ings in this study are also complementary to the energy saving 
efforts. 

The average per capita greenhouse gas in Turkey is far behind 
the OECD and EU countries. If this average is multiplied by 70 mil- 
lion people, Turkey becomes in the 13th rank among all those 
greenhouse gas producing countries. Therefore, Turkey has to 
fight against the climate change and should take significant steps. 
Although Turkey does not accept the responsibility that it will 
undertake by the Kyoto protocol until 2012, in the first national 
report it was declared that in the energy sector 11% reduction in 
the rate of increase could be achieved [2]. The general approach 
of Turkey’s energy policy has been highly supply-oriented, with 
emphasis placed on ensuring additional energy supply to meet the 
growing demand, while energy efficiency has been a lower priority 
[1]. For this reason, Turkey’s priority is to create projects for energy 
efficiency. In this context, it is important to use recycled metals 
such as iron-steel and aluminum as renewable energy resources in 
order to induce energy savings. 

Aregulation on the recycling of scrap cars has not been adopted. 
Draft regulations have been prepared and published in the official 


gazette, so in the near future it is expected to come into force. Under 
a regulation of recovery, these actions will contribute to the eco- 
nomical development by increased recovery rates of raw materials 
and removal of hazardous waste without harming the environment 
and also it will ensure to create an area of employment. It is neces- 
sary to implement the projects which should be produced quickly 
for the reduction of emissions and the energy consumption as men- 
tioned in this study. Through this way it is also possible for Turkey 
to ensure minimum usage of ore while industrializing and protec- 
tion of the natural environment as good as the case it is in the EU 
countries. The greatest benefit is in the emissions as well as the 
recovery of raw materials and also in the controlled disposal of 
hazardous waste in vehicles, which will all be realized provided by 
the recycling of scrap vehicles. 
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